Extreme ecosystems can be a source of untapped microorganisms to produce novel bioactive compounds of industrial interest. Consequently, in this work, 32 actinomycetes were isolated from 6 soil samples collected from Algerian Sahara in searching for untapped producers of novel antimicrobial compounds. All the isolates were further subjected to antimicrobial screening against pathogenic bacteria, yeast and fungi. The obtained results indicated that three of the isolates (named C, MS1 and 10) showed antimicrobial activities against most of the tested pathogenic microorganisms. Therefore, these three promising isolates, previously identified as Streptomyces by morphological, biochemical and physiological methods, were selected for their subsequent identification by the whole cell matrix assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS) analysis. Thus, the isolates C, MS1 and 10 were identified as Streptomyces violaceoruber B263 UFL, Streptomyces albus B262 UFL and Streptomyces badius B192 UFL, respectively. These results pointed out actinomycetes from Sahara soils as potential sources of novel antimicrobial compounds. Also, MALDI-TOF MS showed to be a robust technique for bacteria identification.
isolated from actinomycetes (2, 3) .
To find novel bioactive compound producers, exploration of ecosystems exposed to extreme environmental conditions is an interesting approach. Hence, research in later years is oriented towards the screening and isolation of actinomycetes from untapped habitats (4) . The exploration of such habitats could even provide new taxa which, in turn, could be promising sources of novel bioactive compounds (5) (6) (7) (8) . In this sense, Algerian Sahara soils, exposed to hard climate conditions, represent particular ecosystems worthy of being explored. In addition, the Algerian Sahara soils have a significant biodiversity (9) . 
Materials and methods

Sampling
Six soils samples were collected from different Sahara areas in the south of Algeria, about 15 cm below the surface of the soil. All the soil samples were collected randomly, then packed in zipper bags and stored in a refrigerated container (4.C) during transportation to the laboratory.
The samples were air dried and heated aseptically to remove the undesired Gram-negative bacteria. Appropriate selective media such as yeast extract-malt extract agar medium (ISP2) and peptone yeast extract-malt extract agar medium (GLM) supplemented with actidione (5 µg/mL) and rifampicin (5 µg/mL) were used to promote actinomycetes conditions of growth and prevent fungal contamination (10) .
Isolation and maintenance of actinomycetes
Ten-fold serial dilutions of soil samples were done using sterile distilled water. The soil suspensions were plated using ISP2 medium supplemented with 40 mg/mL of actidione to inhibit the development of eukaryotic microorganisms.
The plates were incubated at 30 C for 7-10 days.
Pure colonies were selected by observing the fine filaments around the actinomycete colonies under light microscopy and taken using a sterile inoculation loop. The isolated colonies were maintained on ISP2 agar slants at 4C for subsequent studies.
Pathogenic bacteria and yeasts
The 
Screening of the actinomycete isolates for antimicrobial activity
Primary screening was performed by the cross streak method against selected fungi and yeasts (11) and secondary screening by the agar cylinder method (12) against selected pathogenic bacteria (13). The isolates showing the highest antimicrobial activity were selected for further studies. The antimicrobial activity was evaluated by: Percentage of inhibition was calculated using the following formula (14) .
where Rtest is the colony diameter of the pathogenic fungus with actinomycete isolates on PDA plates and Rcontrol is the colony diameter of the pathogenic fungus on PDA plates. angle of 45 C in starch casein agar medium (17, 18) .
A loopful of each isolate was taken from a 7-day old culture, inoculated at the insertion place of the cover slip and incubated at 30 C for 7 days. The cover slip was carefully removed using a sterile forceps and placed upwards on a clean glass slide.
The bacterial growth on the cover slip was fixed with a few drops of absolute methanol for 15 min, washed with tap water and then flooded with crystal violet reagent for 1 min followed by washing and blot drying. Finally, the cover slip was examined under microscope using oil immersion lens (100X).
Biochemical and physiological characterization of Finally, the isolates were streaked on starch casein agar plates and incubated at 25 C,30 C, 35 C, and 40 C for 7 days. The optimum temperature for maximum growth was determined through visual examination (19) .
MALDI-TOF MS identification of the actinomycetes isolates
The identification of the actinomycete isolates were considered "not reliable" evincing that spectra acquisition was insufficient or no peak protein was detected, and further analysis is required for this sample.
Production, extraction, and detection of antimicrobial compounds
Each isolate of actinomycetes was cultivated in 500-mL Erlenmeyer flasks containing 100 mL of zone of inhibition (in mm) around each well was recorded.
Results
Actinomycetes isolation
Among the 32 actinomycetes isolated from (Table 1) .
Morphological, biochemical and physiological characterization of the isolates
Colonies of strains C, MS1 and 10 grew well on most of the organic media used and were convex and smooth. The aerial mycelium was grey for strains C and MS1 and yellowish grey for strain 10.
The substrate mycelium was pale yellow for strain MS1, blue violet for strain C and brilliant orange yellow for strain 10 (http://people.csail.mit.edu/ jaffer/Color/Dictionaries). Abundant dark green diffusible pigments were formed only on ISP2 and
Bennett media for the strain 10. The cultural characteristics of the isolates are given in details in Table 2 .
The isolates were able to hydrolyze a great number of compounds such as casein, arabinose, fructose, galactose, glucose, mannitol and xylose. (Table 3) .
Identification of the isolates by MALDI-TOF MS analysis
The three isolates C, MS1 and 10 were (Table 4 ; Figure 3 ). For strain MS1, its crude extract was also active against bacteria and fungi but much less active than strain C, with 
Discussion
The increased emergence of multidrug 
